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Abstract
In this study we measured eye deformations with Magnetic Resonance
Imaging for different patient positions to improve radiotherapy planning
for patients with uveal melanoma. By comparing the shape of the eye for
the superman position and supine position in the MRI for different
volunteers we found an overall deformation smaller than 0.5 mm in all
directions.
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Chapter1
Introduction
1.1 General introduction
In this research we aim to measure the deformations of the eye under dif-
ferent body positions. The higher purpose of measuring the deformations
of the eye is to know whether we should change radiotherapy planning
for patients with uveal melanoma.
Uveal melanoma is the most common primary intraocular tumor in adults
with a reported annual incidence of 6.3 per million among whites, 0.9
among hispanics and 0.24 among blacks. MRI and CT are used to reg-
ister extraocular extension and they are used to plan radiotherapy [1].
The benefit of using Magnetic Resonance Imaging (MRI) is its ability to
image within dense tissues, which is not possible with optical Computer
Tomography (CT) or ultrasound because of the limited penetration depth
[2].
MRI is an imaging technique that uses a super conducting magnetic,Radio
Frequency (RF) transmitter and receiver and field gradients. Most essen-
tially MRI maps the location of fat and water molecules. It’s a form of Nu-
clear Magnetic Resonance (NMR). In the early 1970’s MRI was founded.
Ten years later the highest field-strength magnet then available for clinical
use was 1.5 Tesla. Over the years MRI can reach to strengths over 10 Tesla.
In this study we use a magnetic field strength B0 of 3 Tesla. In order to
measure eye deformations for different body position we measure the eye
shape in supine position and superman position (figure 1.1).
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(a) The superman position
(b) The supine position
Figure 1.1: The positions used in order to measure the deformation of the eye
For the supine position, figure 1.1(b), a normal technique for imaging
the eye in required. This means using a surface coil normal vector perpen-
dicular to the B0 field. However for the superman position, a different coil
is required than for the regular imaging technique, because the surface coil
normal vector is parallel to the B0 field. In order to understand what coil
we should use for the superman position we compare a single loop coil
and the Figure-Of-8 coil both with their surface normal vector parallel to
the B0 field in figure 1.2.
(a) The normal coil (b) The FO8 coil [3]
Figure 1.2: The normal coil and FO8 coil with their surface normal vector parallel
to the B0 field
In figure 1.2(a) you have to imagine the B0 field lines for the normal coil
to be from left to right and so being parallel to the surface normal vector of
the coil. The spatial locations where we receive information from are the
locations where the field lines of the induced magnetic field around the
coil are perpendicular to the B0 and so parallel to the magnetic component
B1 of the RF transmission pulse. In image 1.2(a) these areas are the per-
pendicular parts of the magnetic circles above and below the coil, where
8
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1.2 Technical background 9
we can only use one side of these circles because that is the side attached
to the head. Concluding, for figure 1.2(a) this is a small contribution to the
image.
For a FO8 coil this contribution is somewhat larger. The Figure-Of-8 loop
consists of 2 loops attached to each other. The B1 in figure 1.2(b) gives
the direction of B0. The use of 2 coils attached to each other results in a
centered contribution of 2 perpendicular field lines to the field lines of B0,
which is more than for a single loop coil. When imaging you also use just
one side of the contribution lines because the surface coil only wants infor-
mation from one side of the coil. Because of the larger contribution of field
lines B1 perpendicular to B0 and those field lines being centered gives us
enough reason to use the F08 coil for imaging the eye with the body being
in the superman position. Further explanations will be in the following
chapters.
1.2 Technical background
The MRI system consists of 3 major hardware components: a super con-
ducting magnet, a set of 3 magnetic field gradient coils and a RadioFre-
quency transmitter and receiver. The super conducting magnet creates
a magnetic field B0 that makes protons precess with a frequency around
their internal axis with an angle α parallel or anti-parallel with respect to
the direction of the B0 field. The set of 3 magnetic gradient coils creates a
variation in the magnetic field B0 in a particular pattern for a certain gradi-
ent direction, such that the resonance frequency of the protons depend on
their spatial location in that direction. Because of this the spatial encoding
of the MR signal is possible. When the RF coil is used as a transmitter it
creates an oscillating magnetic field perpendicular to the B0 field with a
frequency equal to the resonance frequency of the protons. This way the
energy of the oscillating magnetic field is transferred to excite the protons.
The coil placed close to the body receives the signal from the relaxing pro-
cess of the excited protons, which makes the coil the RF receiver. Because
we just want to look at the deformation of the eye under different body po-
sitions, we’re only trying to optimize the amount and quality of received
signal in order to measure deformation. This is why we’ll only look at the
RF transmission and receiver from now on.
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In order to understand RF transmission and receiving we’ll explain the
basics of MRI. In all simplicity, when the patient is in situated in the MRI
scanner, a RF pulse is applied, the RF transmission is put off, the patient
emits a signal and that signal creates an image. We’re going to look closely
into this emitted signal and how it is received.
The atoms inside our body consist of a shell and a nucleus that consists of
multiple things, but most important for MRI: protons. These protons have
spin and are randomly distributed. Because they have spin, they can be
seen as randomly orientated small magnets.
B =∑
n
Bn = 0 (1.1)
For n protons this distribution gives a net magnetization of zero. This is
in absense of an external magnetic field. When the body is slid into the
superconducting magnet of the MRI system an external magnetic field B0
is applied.
Figure 1.3: The protons align parallel or anti-parallel due to external magnetic
field B0 [4]
As you can see in figure 1.3 the protons are aligned parallel or anti-
parallel with respect to the applied magnetic field B0. The protons now
have a precession frequency ω0 in Hz.
ω0 = γB0 (1.2)
with γ the gyromagnetic ratio, which is for protons 42.5 MHz/T. For a
magnet of 3T this precession frequency is 127.7 MHz. To excite the pro-
tons we need to transmit an RF pulse with that exact frequency. When
10
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the protons are excited the flip with a certain angle α with respect to the
direction of the B0 field.
Figure 1.4: For different tissues A and B a proton is excited with a 90o degree
pulse. After excitation the spin relaxes back w.r.t. the z-direction. After a certain
relaxation time (TR) another RF pulse is transmitted [4]
In figure 1.4 you see that for tissue A and B their is a difference in
speed of relaxation after applying a RF pulse with an angle α of 90o. The
relaxation process for tissue A is slightly faster than for tissue B. TR is
the relaxation time for the spins to grow back before applying another RF
pulse. The difference in relaxation and a couple of other factors that is
received by a RF receiver, which is in our case a surface coil, creates an
image with different intensities. The spatial locations for different emitted
frequencies by the tissues are found by the 3 gradient coils.
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1.3 What do we want to achieve?
In order to determine whether radiotherapy should take the deformation
of the eye in different positions into account, since imaging the eye is in a
lying position and treating the eye in a sitting position, the main question
to asses is:
Are there deformations of the eye under different patient positions?
To answer this question, 2 smaller problems need to be adressed:
• Should we use a FO8 coil while imaging in superman position or use
a single loop coil? [Chapter 2]
• In order to measure the changes in shape of the eye should we use
the for-all-body-parts-used Philips coil or a coil especially designed
for the eye? [Chapter 3]
12
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Chapter2
FO8 coil
2.1 Introduction
We want to know if the eye deforms under different body positions. As
explained in the general introduction there are some difficulties in imaging
the eye with a surface coil attached to the head, while its normal vector is
parallel to the B0 field. In this chapter we aim to find out if imaging with
a FO8 coil can be a solution for parallel imaging to the B0 field or whether
we should use a normal coil attached to the side of the head, because in
that position the field lines of B0 are perpendicular to the normal vector of
the surface coil.
2.2 Method
In developing an FO8 coil that has similar penetration depth, Signal-to-
Noise Ratio and intensity decay as a normal coil perpendicular to the B0
field we had to consider multiple factors.
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2.2.1 The design
The design for the FO8 coil consists of 2 detune parts, 1 impedance match-
ing part and a balun. These parts will be explained in detail in the follow-
ing sections. The contribution to the z-component of B1 is lower for the
FO8 coil with its surface normal vector parallel to the B0 field in compari-
son with a normal single loop coil with its surface normal vector perpen-
dicular to the B0 field. This difference will be shown in the results.
Figure 2.1: The design of the FO8 coil with open spaces for capacitors, inductors
and pin diodes
Other reasons for signal loss can be the separation distance between
the 2 bars of copper in the middle or the distance in the middle of the coil
between the 2 capacitors [5]. The distance between each capacitor can be a
maximum of 110 wavelength because you want to prevent a standing wave
to appear in your coil. A standing wave of the current can create a Di-
electric Artifact. In theory this means that when 2 standing waves meet
separated with a quarter wavelength it can create destructive or construc-
tive interference that results in dark/black spots and bright spots on an
image.
λ =
v
f
(2.1)
with λ the wavelength in m, v the speed of the wave in that medium in
m/s and f being the RF pulse in Hz. The speed of the wave in bulk copper
14
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2.2 Method 15
is around 3.72*103 m/s. According to equation 2.1 the wavelength is 2.35
m. The maximum distance between each capacitor is then 0.235 m.
2.2.2 Impedance matching
Impedance matching minimizes the reflective losses in the system. Reflec-
tive losses are a result of impedance differences between media, which is
in this case the difference between the coaxcable and the coil. Because of
this reflection the size of the signal reduces and a part of the signal gets
reflected in the direction in came from. This can be seen in figure 2.2.
Figure 2.2: The size of the signal is reduced due to reflection of the signal. The
reflection is caused by differences in impedance [6]
The reflective losses are minimized by creating an overall impedance
through the system of 50Ω. The impedance matching for our system can
be seen in figure 2.3.
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Figure 2.3: 2 capacitors and 2 RF chokes are attached in parallel with respect to
each other
The impedance matching consists of 2 capacitors and 2 RF chokes. Dur-
ing transmit a DC current flows through the coil and during receive an AC
current flows through the coil. DC is a current with low frequencies and
AC current has high frequencies. According to equation 2.2 the impedance
for a capacitor is lower when the frequency is higher, so it lets AC current
through. Low frequencies create a high impedance value for the capac-
itor. The 2 RF chokes are parallel attached to the capacitors in order to
let DC current through the coil and the capacitors for AC current to flow
through. By making sure that DC is able to flow through the system dur-
ing transmit it creates a small circuit with the PIN diode that makes the
coil non-resonant at the transmit frequency. This is necessary since you
don’t want the coil to pick up energy from the transmit.
ZC =
1
iωC
(2.2)
with ZC the capacitor impedance (Ω), ω the frequency ( rads ) and C the
capacitor value (F).
16
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2.2.3 Balun
A balun is necessary to create a cleaner signal with less noise. The amount
of noise is due to the current in the coil and the current in the coax-cable
being out of phase with respect to each other. To understand where the
name ’balun’ comes from, you should know that it transforms an ’unbal-
anced’ signal which is in the coax-cable to a ’balanced’ signal [7].
Figure 2.4: 2 capacitors and 2 inductors are attached in A-B-A-B sequence
As you can see in figure 2.4 the conductors and inductors are alter-
nately switched. The impedance value for the capacitors and inductors
need to be 50 Ω according to the impedance matching. The value for the
capacitor can be calculated with equation 2.2. Equation 2.3 gives us the
value for the inductor.
ZL = iωL (2.3)
with ZL the inductor impedance (Ω), ω the frequency ( rads ) and L the
inductor value (H).
Version of March 27, 2018– Created March 27, 2018 - 11:18
17
18 FO8 coil
2.2.4 Detune
RF transmission is at the same frequency as where the coil is tuned for,
which is in our case 127.7 MHz. You don’t want to the coil to pick up the
transmission, so by making a detune system that is also resonant for 127.7
MHz it creates a phenomenon that pushes the peak of resonance which
was first 127.7 MHz far away so the coil is not resonant anymore.
Figure 2.5: 2 detune systems are included. The upper detune has a switching
diode and the lower detune has a PIN diode
The detune circuit consists of an inductor, a capacitor and a PIN-diode/
switching diode. In order for the detune to work the small circuit needs
to be resonant for the frequency transmitted by the RF transmitter, which
is in our case 127.7 MHz. Theoretically speaking 1 detune circuit would
be enough to prevent the receiver to resonate during transmission, but for
extra protection, in case one detune circuit fails, a second detune circuit is
included.
18
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2.2.5 Bazooka
The last finishing touch to the system is adding a bazooka to the cable. A
bazooka is a short circuit consisting of 8 capacitors and copper. This short
circuit makes sure no signal at the same frequency of the proton frequency
127.7 MHz is able to flow over the outside of the coaxial cable.
Figure 2.6: Here the bazooka is attached to the coax-cable. Lengths are chosen for
a specific situation that doesn’t apply on our case [8]
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2.3 Results
We compared the intensity decay for the FO8 coil with the surface’s nor-
mal vector parallel to the Philips coil perpendicular to the B0 field.
Figure 2.7: T1-weighted image of FO8 coil parallel imaging to the B0 field at-
tached to a bottle (1329 x 710 mm)
Here you see the T1-weighted image of the FO8 coil being parallel to
the B0 field. In this image you see a small penetration depth. The reason
you see 3 bumps is that the magnetic field lines gather in the centre and
spread out into infinity at the edges.
Figure 2.8: T1-weighted image of clinical Philips coil attached to a bottle (1329 x
710 mm)
20
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Here you see the T1-weighted image of the clinical Philips coil. If you
compare figure 2.7 with figure 2.8 the first thing you see is the difference
in penetration depth. For the FO8 coil the penetration depth is about 14 th
of the clinical Philips coil. This is can also be seen in the decay intensity
graph 2.9.
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Figure 2.9: Comparison in decay for the FO8 coil attached parallel to the B0 field
and the Philips coil attached perpendicular to the B0 field
The numbers on the y-axis are relative and don’t represent the actual
intensity. The intensity fit is based on an assumption of an exponential
decay.
y = ae−bx + c (2.4)
In equation 2.4 the a stands for the intensity at x = 0 minus the offset
constant c and b the decay rate per x. The fit for the FO8 shows a decay of:
S(x) = 2230e−1.38x + 416 (2.5)
with x depth (cm) inside the bottle and S(x) the signal intensity (energy
per time per surface unity).
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The decay for the clinical Philips coil is:
S(x) = 40000e−0.42x + 828 (2.6)
These fits support the T1-weighted images by acknowledging the decay
rate for the FO8 coil to be ≈ 3 times bigger than the clinical Philips coil.
Figure 2.9 shows that the intensity at x = 0 is for the FO8 coil 10 times
smaller than for the clinical Philips coil.
In order to improve the FO8 coil we could increase the receiving sur-
face. This could theoretically decrease the decay rate factor and increase
the penetration depth. Unfortunately if you would increase the size these
improvements come hand in hand with an increase of scan-time.
“The overall SNR increases by the square-root of the number of images:
but the data acquisition time is lengthened by a factor equal to the number
of images. [9]”
So that means that for an increase in receiving surface of 2 times the
original size results in a SNR improvement of
√
2 (see equation 2.7) and
an increase in scan-time of 2.
SNRnew = SNRold ∗
√
2 (2.7)
Conclusion, it is possible to image with a receive coil surface’s normal
vector parallel with the B0 field, but the penetration depth is too low to be
useful for further research.
22
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Own coil vs. Philips coil
3.1 Method
For imaging the eye at 3T a coil from Philips is attached and the eye is
scanned perpendicular to the B0 field. This Philips coil is also used for
scanning of other body parts, so it’s not built especially for the eye. In
order to examine whether the Philips coil is good enough for imaging
the eye and its shape change, we need to have a coil especially built for
the eye to compare the SNR and intensity decay. The design of the coil
built is similar to the Philips coil design so we can’t blame differences in
SNR or intensity decay on size or design differences. We’ll also discuss
what amount of SNR and intensity decay is necessary in order to be good
enough for imaging the eye.
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The design for the coil includes, just as the FO8 coil, 2 detunes, 1 impedance
matching circuit, 1 balun and a bazooka. For explanations about these
parts see chapter 2.
Figure 3.1: Sketch of the coil built to compare with the coil of Philips, including 2
detune parts, 1 impedance matching and 1 balun
The diameter of the coil in figure 3.1 is 47 mm identical to the Philips
coil.
24
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3.2 Results
3.2.1 Images of the Philips coil and own coil
In order to compare the two coils we made T1-weighted and T2-weighted
images. For the T1-weighted image you can see a small difference between
the images in figure 3.2.
(a) Built coil (b) Clinical Philips coil
Figure 3.2: T1-weighted images
The only difference noticeable in figure 3.2(b) is the noise at the right
upper corner of the clinical Philips coil. We will make this difference in
Signal-to-Noise ratio more quantitative later on.
(a) Built coil (b) Clinical Philips coil
Figure 3.3: T2-weighted images
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For the images of figure 3.3 you see a greater difference. The question
that arises from this difference is: ”To what extent is the difference in signal
crucial enough to use the built coil instead of the clinical Philips coil?”
In order to answer this question we’ve measured the intensity decay and
penetration depth for the T1-weighted images. For further information
about the scan parameters used for figure 3.2 and figure 3.3, use table 3.1.
Scan parameters
Parameters Image 3.2(a), 3.2(b) Images 3.3(a), 3.3(b)
Sort images WIP 2D MST1 WIP 3D T2 TSE
Slice thickness (mm) 2 0.8
Amount of slices 12 50
Repetition time (ms) 717.90 2500
Flip angle 90 90
Images size (pixels) 640 x 640 240 x 240
Echo time (ms) 8 292.261
Table 3.1: A small overview in scan parameters used for images 3.2 and 3.3
26
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3.2.2 Comparison by SNR
Signal-to-Noise ratio (S/N) is calculated by the ratio of the signal power
to the noise power.
SNR =
µ
σ
(3.1)
with µ the mean of the expected value and σ the standard deviation of the
noise.
As a guideline we’ll use the SNR to compare the two coils. For 4 vol-
unteers we looked at 3 different image slices for each imaged eye with the
2 different coils. This gives us information from 12 different slices for both
coils. For each slice we calculated the SNR for an constant size area.
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Figure 3.4: Here you see the intensity decay of the Philips coil over the distance
inside the eye
For the fit along the measured intensity we guessed an exponential fit
looking like equation 3.2.
S(x) = ae−bx + c (3.2)
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with a the intensity from the beginning minus the constant c and b the
intensity decay. This because the overall signal intensity is also calculated
with an exponential decay as you can see in equation 3.3.
S = K · [H] · (1− e− TRT1 ) · e− TET2 (3.3)
with S the overall signal intensity of a SE sequency, K a scaling factor and
[H] the spin (proton) density.
For the intensity values of the clinical Philips coil the fit shown in equa-
tion 3.4 was formed.
S(x) = 2380e−0.56x + 112 (3.4)
with x the distance in cm inside the bottle and S(x) the intensity. To com-
pare the two coils we also need the intensity decay for the built coil.
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Figure 3.5: Here you see the intensity decay of the coil built over the distance
inside the eye
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For the built coil the exponential fit was almost identical to the fit for
the clinical Philips coil, as you can see in equation 3.5.
S(x) = 2220e−0.63x + 131 (3.5)
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Figure 3.6: The intensity decay comparison for the built coil and the Philips coil
If you compare equation 3.4 and equation 3.5 you see that the values b,
from equation 3.2, are almost the same. This can also be seen in figure 3.6.
The intensity decay for the clinical Philips coil is a little slower than for the
build coil. This decay is most important in comparing the qualities of the
2 coils. The results for the SNR are showed in table 3.2.
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Signal-to-Noise ratio for T1
Measurements
for 3 slices per
volunteer
Philips coil Built coil SNRimprovement
Slice 1 6.164 6.795 10.24%
Slice 2 6.515 6.800 4.37%
Slice 3 6.508 7.657 17.67%
Slice 1 28.936 33.562 15.99%
Slice 2 26.475 28.767 8.66%
Slice 3 20.894 27.527 31.74%
Slice 1 15.867 24.241 52.78%
Slice 2 14.826 16.347 10.26%
Slice 3 13.760 17.627 28.10%
Table 3.2: Here you can see the SNR improvements in percentages with respect
to the SNR of the clinical Philips coil
In table 3.2 the SNR per slice is calculated by equation 3.1. The value
for µ and σ are found by creating a Region Of Interest (ROI) in the eye with
a certain radius. This ROI is used in every slice for both the images from
the clinical Philips coil as the built coil. The SNRimprovement is calculated by
equation 3.6.
SNRimprovement = (
SNRbc
SNRpc
− 1)× 100% (3.6)
with bc the built coil and pc the Philips coil. As you can see there is an
overall improvement for the SNR when using the built coil. Unfortunately
the SNR varies a lot for the built coil and so is this improvement far from
being “steady”. The improvement for all the slices for the 3 volunteers is
19.98%, with a variation between 4.37% and 52.78%.
30
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3.3 Conclusion
There’s an overall SNR improvement with respect to the clinical Philips
coil of 19.98%. This SNR improvement varied between 4.37% and 52.78%
for 3 different volunteers for 3 slices per volunteer. Concluded can be that
this variation is very big. In order for the built coil to be a good replace-
ment of the clinical Philips coil, the SNR improvements need to be steady,
because at this point we can’t promise the improvements will always be
there for every person scanned. This together with the difficulties for a
coil to be CE-certified, it is best to still use the clinical Philips coil instead
of the built coil for imaging the eye.
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Chapter4
Measuring eye deformations
4.1 Methods
For measuring eye deformations in different positions we need the images
in supine and superman position. For the superman position we attached
the clinical Philips coil on the side of the head and for the supine position
the clinical Philips coil is attached closely to the eye. In chapter 2 and 3
both image positions were acquired. In order to see if there is any defor-
mation we need the slice of the eye in one position to be completely layed
over the same slice in the other position. After this the difference in size
can be measured per slice.
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4.1.1 Segmentation
Segmentation is filling in the surface area per slice of the eye due to bound-
ary settings by thresholding. Thresholding makes the image binary with
the options: include in segmentation or exclude the voxel from segmenta-
tion. The results of the eye image being segmented can be seen in figure
4.1.
(a) Before segmentation of the slice (b) After segmentation of the slice
Figure 4.1: Segmentation per slice for each eye to cover surface area of the eye in
different positions
The segmentation of figure 4.1 has been done for the supine and su-
perman position. These segmentations can be saved for all volunteers in
different positions and eventually be overlayed.
34
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4.1.2 Registration
Registration is the technique of overlaying slices from different images. By
moving and rotating the slices in the right direction, the slices can overlay
each other almost perfectly.
(a) Registrated eye in all directions
(b) Registrated eye in all directions
(c) Registrated eye in all directions
Figure 4.2: Registration respectively axial, sagittal and coronal plane
Version of March 27, 2018– Created March 27, 2018 - 11:18
35
36 Measuring eye deformations
As you can already see from the images in figure 4.2 there is a small
difference in shape for all eyes. The deformations differ per orientated
plane.
4.2 Results
To calculate the deformation we took the lens area as an absolute constant
to compare difference on deformation on the sides. We’ve calculated the
differences for the axial, sagittal and coronal plane. The deformation was
based on the length of the boundary between white and light grey to the
boundary between light grey and dark grey. An example is shown in fig-
ure 4.3.
(a) Deformation of the outer sides of the
eye
(b) Deformation of the lens as absolute
reference
Figure 4.3: Deformations for the reference point for measurement of the defor-
mation of the eye
The way of measuring showed in figure 4.3 has been applied on mul-
tiple positions where deformation is shown. The average of this deforma-
tion is displayed in the table 4.1. The amount of deformation of the lens is
taken as an absolute reference for the outer deformation of the eye. In the
last column the absolute difference between the reference and deformation
of the eye is calculated.
36
Version of March 27, 2018– Created March 27, 2018 - 11:18
4.2 Results 37
Plane Deformation
lens as refer-
ence in mm
Average defor-
mation on side
in mm
Average de-
formation on
side - Defor-
mation lens as
reference
Volunteer 1
Axial 1.05 1.21 0.16
Sagittal 0.998 1.21 0.23
Coronal 1.08 1.16 0.08
Volunteer 2
Axial 1.15 1.27 0.12
Sagittal 1.27 1.43 0.16
Coronal 0.90 1.01 0.11
Volunteer 3
Axial 1.07 1.16 0.09
Sagittal 1.11 1.27 0.16
Coronal 1.06 1.12 0.08
Table 4.1: The found values for the deformation of the eye in the axial, sagittal
and coronal plane for different volunteers
As explained before, the deformation of the lens for all volunteers in
all planes is used as a reference system to calculate the deformation of
the eye on the sides. So the last column is the difference in deformation
between the lens and on the side of the eye. For 3 different volunteers the
deformation is measured in the 3 planes. As you can see in table 4.2 the
deformation is slightly bigger in the sagittal direction.
Plane Average deformation for all volunteers in mm
Axial 0.123
Sagittal 0.183
Coronal 0.087
Table 4.2: Average deformation of the eye for all planes
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4.3 Conclusion
The results show a slight deformation of the eye in all directions. It’s diffi-
cult to say with certainty that there is eye deformation, because of multiple
reasons. The biggest reason is the accuracy problem. The size of the voxels
measured is 0.34mm x 0.34mm x 0.8mm. The deformation is smaller than
0.34mm in every direction and that causes trouble. For example, look at
figure 4.4.
Figure 4.4: Full filled and partially filled voxels [10]
The effect is called partial volume. Partial volume is defined as a loss of
apparent activity in small regions due to limited resolution of the imaging
system. In figure 4.4 you can see the original object on the left and the
created image on the right. The signal measured by the imaging system is
the mean of the background and the object itself. This results in a weighted
images which is not correct according to the object. When we registrate the
eye with voxel sizes too big the same effect occurs on the sharp edges of
the eye. This results in an inaccurate shape of the eye where we measure
the deformation with.
This results of an uncertain outcome for the amount of eye deforma-
tion. Though could be concluded that there is no crucial change in eye
shape. As a guideline we took deformation ≥ 0.5mm to be the point of
questioning whether we should change radiotherapy planning. Since even
with lower accuracy the averaged deformation 0.5mm, we can assume
that there won’t be trouble with radiotherapy planning.
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Conclusion
In this study we measured that there is no to little deformation of the eye.
One of the reasons for uncertainty about the deformation is the effect of
partial volume. But even with this effect taken into account the average
deformation of the eye is  0.5 mm. This means that there is according
to these measurements at this moment no reason to change radiotherapy
planning for deformation of the eye. We found these deformations by
comparing multiple coils for different patient positions for 3T MRI. For
the supine position we tested a coil especially built for the eye and the
clinical Philips coil. For the superman position we tested a Figure-Of-8
coil with its normal vector being parallel to the B0 field and the clinical
Philips coil attached to the side of the head. The data we used to measure
the eye deformations was received by the clinical Philips coil.
Version of March 27, 2018– Created March 27, 2018 - 11:18
39

Acknowledgements
In guiding my bachelor research project I want to thank a couple of peo-
ple. First of all, my supervisor Dr. J.W.M. Beenakker, because of his eye
opening ideas and great guidance throughout my project. Second of all,
the PhD students who were always there for me in case of problems, Tom
O’Reilly, Thomas Ruytenberg and Myriam Jaarsma. Third of all, the mas-
ter students who guided me through the stages of research, Wico Breimer
and Roel Burgwal. Last but not least I want to thank the Gorter Centrum
for all the fun and educating times.
Version of March 27, 2018– Created March 27, 2018 - 11:18
41

Bibliography
[1] Caltabiano Graziano Queirolo Paola Spagnolo, Francesco. Uveal
melanoma. Cancer Treatment Reviews, 38(5):549–553, 2012.
[2] van Rijn G. A. Luyten G. P. M. Webb A. G. Beenakker, J. W. M. High-
resolution mri of uveal melanoma using a microcoil phased array at
7 t. NMR in Biomedicine, 26(12):1864–1869, 2013.
[3] Rafael Carbunaru. Systems and methods for using a butterfly coil to com-
municate with or transfer power to an implantable medical device, 2008.
[4] H. H. Schild. MRI made easy. Nationales Druckhaus Berlin.
[5] Clementi V. Iotti S. Placidi G. Lodi R. Barbiroli B. Sotgiu A. Alecci M.
Alfonsetti, M. Versatile coil design and positioning of transverse-field
rf surface coils for clinical 1.5-t mri applications. Magnetic Resonance
Materials in Physics, Biology and Medicine, 18(2):69–75, 2005.
[6] Impedance and impedance matching. http://www.ni.com/white-
paper/3475/en/.
[7] Doug Jorgesen and Christopher Marki. A tutorial on
baluns, balun transformers, magic-ts, and 180o hybrids.
https://www.markimicrowave.com/Assets/appnotes/balunbasicsprimer.pdf.
[8] http://www.brats-qth.org/training/advanced/feed2.htm.
[9] Nadine Barrie Smith and Andrew Webb. Introduction to Medical Imag-
ing. Cambridge University Press, Cornwall, United Kingdom, 2011.
[10] Partial volume effect and segmentation.
http://www.scanco.ch/index.php?id=299.
Version of March 27, 2018– Created March 27, 2018 - 11:18
43
